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FAA rules or regulations, nor to provide back-
ground on how the amendments of 1988 were
derermined. The inrerested reader is re
to 11,2.3] for rhat mi?e:)rmation as wen as .4,5,60
Crashworthiness, defined as the measure of the

impact protection thar a icles offers, is typically
assessed with a dynamic impace test. In such a test, the
seat and/or other vehicle interior cem 1pOnents ar

dceiemted with an impact force considered represen-

ative of the dynamic conditions encountered in
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rash. Foraircraft, this is typically 2 triangular shaped
acceleration witha 157 m/s” {16 g peak that ocours 90

™

rtiliseconds after the onser of the crash pulse. The

b

cade ts advised to refer to the appropriate Advisory

('\

cular matenial {4,5,6] for full information on the
test conditions required. In addition to demonsiras-
ing strucrural capability, the goal of performing this

dynamic zesting is 10 measure
injury resulting from & crash impac

the po:enséai for an

\Lmbcrs in |} refer o references Hsted ar the ond of the paper
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Toachieve this go
reacts simdariv 102 human being, and which an

dvnaaic variabivs ro deter-

o An npury cricerion relates

ured with an AT to o prob.

REQUIREMENTS OF AN ATD

An ATEY must satisty several requirements to be
. 4
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pracucal, userui device. These requirements are:
. Biofidelizy - how faithfully the ATD simulates 2

human beinv.

b2

. Repearability - how well an individual ATD will
measure the same vaiues when cx'msed o 2 re-
peated ser of identical test conditions.

3. Reproducibility - how well rwo ATDs of identical
design produce the same measured value

exposed to the same sumulus.

NEN

. Durabiliy - an ATD must not be destroyed or

‘eal persan

degraded by an impact rest. While 2
might very well be “broken” by thetest onditans
to which the ATL) is exposed, an AT is required
to survive these conditions without being damaged.
5. Calibration Standards - as with any instrument,
there must be techniques o insure that the mea-
surements made by an ATD are accurate. Typi-
cally, these calibration activities use a precisely

s

defined impact 1o a particular body region (eg.,

2

dropping the head a prescribed distance onew a
, o~

surface with 3 defined cempliance) which should
proguce an expected instrumentation reading
within a set of defined confidence lintits. Calibra-
tion standards for many ATDs are defined in the

Code of Federal Regulations [71.

BIOFIDELITY, defined as the measure of how
well an ATD simulfates human ¢ respanse 1 che condi-

ttons being tested, consists of three sub-components:




4 a5 2 dvnamic linkage

Linemarics of a human being.

ATD must reach the same pointin
sime with the same velocity as a
person exposed ¢ he same conditions. The ATD's
inernal distribution and characveristics, and joiat
characteristics must be similar to those of a human
T

his property is the ATD's kinematic

Dynamic compliance biofidelity measures the
ATD's ability to impart impacs forces that match
those of 2 human being impacung 2 surface of similar
geometry and comphiance. This implies that the mass
and dvnamic stiffness of each part of the ATD s body
must macch human values. The stiffness characteris-
tics of biological marerials typieally display very large,
non-linear Joading rate effects, and frequently bio-

[

ogical components consist of loosely coupled masses.
Thus, dynamic compliance is 2 difficult requirement
to satisty, yet it is critical that the ATD’s impact
interzccions be representative.

Injury measure biofidelity refers to the drnamic
variables measured by an ATD that are used in rela-
tionships that predict the probability of an injury.
These relationships, called injury criteria, and dis-
cussed later. are derived from human vajues. If an
ATD is to be used to predict the probability of 4
injury, the values of the dynamic variables measured
by the ATD must be similar to those measured in a

human being exposed to the same dynamic stimulus.

ANTHROPOMETRY

The size and inertial characteristics of an # TD
must represent human values: howeves, inherent hu-
man variabiiiey challenges size requirements.
Anthropometey is the science which studies the size of
Luman beings. Surveys of the size of human beings
:

bave been conducred for the purposes of equipment
design, and for standardizing clothing design. An

excellent summary of many of these studies is found
9%, 2nd the most [ecent st iy of relevance o AT LS

It

design is described tn [10]. In designing an ATD,
approximartely 200 anthropometric measurements of

_circumferences, masses, Moments of
a.joint locations, and loint ranges of motion are
The ATD s design represents 2 particular per-
cenrtite in all of these measurements.

Typically, an ATD represents the fiftieth pereentile
i all of thess anthropometric MeASUIEmMEnts, MEan-
ing that half of all people are larger, and haif of all
people are smaller. ftis worthy of note that, although

e particular individual may have fiftieth percentile

k]

stature, they may have eightietn percentile weight,

with an arm length that is forcieth percentile. How-
ever, a 30th percentile ATD is S0th percentife inall of
the anthropometric mMeasurements. There ate also
differences in anchropometry based on gender. The
most common size ATD used is 30th psrccmiic male.
For the Hybrid 1M design (discussed later), fifth
percentile female, and ninety-fifth percentile male
ATDs are available.

When child restraine devices are impact tested, a
variety of ATDs representing different sized children
are used. Such AT Dsare specified byanagelecg., 2 3
year old ATD), which does not refer to the passage of
ime since manufacture of the ATD, hut rather to the
size of 2 typical child of that age. Child ATDs are not
described in this paper.

CURRENTLY AVAILABLE ATDs

Designs of ATDs currently available may be di-
vided into two catcgories, those for forward impacts,
and those for lateral impacts. Atany given time, ATDs
other than those described here are in developmentor
use fer specialized purposes. Those designs are not
discussed in thi- paper. All ATDs allowed for use by
¢he Deparzment of Transportation (both the FAA and
the Narional Highway Traffic Safety Administration
/NHTSA) for automotive testing) are specified in {71

ERONTAL ATDs - There are two designs of fron-
cal ATDs. the Hybrid 11, and the Hybrid 1L Both
were developed by General Motors. The Hybrid il
was developed in the late 1960s and early 1970s, and
is the ATD specified by the FAA for use in certifving
sircraft svstems. The Hybrid H has been used for
many years in certifying automobiles for NHTSA, che

government agency that has regulatory authority over




chat provides recommended injury criteria for ditter-
entparts ofthe body. The japanesc automobiie indus-
iy sponsored the developmens of The Handoook of
Human Tolerance{12], which provides 2 thorough
review of Injury criteria, human anatomy, zad ATD
design. In conjunction with a research effort to de-
velep an advanced ATD, NHTSA sponsored a thar-
sugh review of current injury criteria 131

The Federal Aviation Regulations (FARs} specify
irjury criteria to use wita the dynamic impact tests
specified. These injury criteria are summarized in
Table 1: however, it is important to note that there are
differences among categorics of aircraft in terms of
sest conditions. In all cases, refer to the current Code
of Federal Regulations.

The belt load criterion in Table 1 refers to the
rension in the shoulder straps, and is primarily in-
rendad as a measure of the threat of a thoracic injury.
If no shoulder harness is provided, as is typical in
(ransport Category passenget 5eats, there i3 no belt
rension load limir If oniy a single shoulder strap is
provided, the bel: cension must be less than 7784 N.
if there are 2 shoulder straps {as in a 4 point harness},
the sum of the tensions in each belt musc be less than
8896 N.

The fermur compressive load criterion measures the
potential for injury to the fower hody. The femur is
the long bone of the upper feg, between the hip and the

The spinal compressive fozd criterion relies on
measurements of (he compressive ioad along the length
of the ATD s spine. A load cell is placed between the
pelvis and the borrom of the spine. i the peak value of
chese loads is less than G672 N, spinal injury is
considered unlikely, This test is performed with the
seat subjecied to a vertical aceeleration.

The Head Injury Criterion (HIC) s freq uently the
most challenging standard to meet. HIC[14,15,16,17]
is defined by the following equation:

t,t,- ume limis of integration which maxi-
mize the resulting HIC value
alz) - head center of graviry resultant accelera-

rion as a function of rime

When used for evaluating aviation systems, HiCis
calculated only when there is head contact, and only
during the time interval of the head contact. in
automotive testing, HIC iscalculated regardless of the
presence of head contact, although the maximum

HIC i 1000sec”
Belt Loads | 7734/8896 N (1750/2000 lbs)
Spinal ]
Compressive 8672 N (150G ibs)
Load

! Femur Loads F 10,008 N {2250 Ibs}

Tabie 1 — Summary of Alrcraft Injury Criteria
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The WSTC may be interpreted as showing thar

short time duration, high a
pulses will cause injury, while lower acceleration head

-eleration, head impact
lmaacr
etfortio de veasimple functional retationship, Gadd
[19] plotzed the WSTC on a log-log scale. Although
a perfect seraighe line fir did not resulr, Gadd felr thar

require longer durations to do harm. In an

the agploxzm.«.mon was “sufficient at this cime.” The
slope of the straight line fit was 2.5, and this is the
weighting factor used in HIC. Gadd propored a
measure, called the severity index (SI}, based on
raising the time integrai of acceleration to the 2.5
power, and restriciing this value to tess than 1,000 in

order to minimize che risk of injury.

Techniques used to measure how well a vehicle
protects cecupants from a serious impact have been
described. An instrument that reacts similarly to 2
human being is used ro measure dynamic variable
during a test. [ hat instruiuent is called an ATD. 2 nd
t}‘c AT must sa
neluding biofidelity, reproducibility, repeata bt;:ty,

ndards available.

number of requiremen

o

‘;Sh’ a .
durabt[tty, and have calibration star
ATDs come in a variety of sizes, expressed as percen-
tiles of the population that the device represents.
While the most common size is fiftieth percentile,
other available sizes represent fifth and ninety-fifth
percentiie anthropometry.

The ATD is the instrument that measures dynamic
varizbles describing the environment to which a per-
son may be exposed during an impact. Injury criteria
are used 1o relate these measurements to a risk of
injury. Injury criteria specify levels above which sert-
ous injury to a pariicular body region is likely. Table
1 summarizes chese values for an aircraft including

maximum compressive loads in the femur and the
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Figure 1— Wayne State Tolerance Curve
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